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BATCH-OPERATED REVERSE OSMOSIS 
SYSTEM WITH MULTIPLE MEMBRANES IN 

A PRESSURE VESSEL 

RELATED APPLICATION 

[0001] This application is a non-provisional application of 
provisional application 61/019,110, ?led Jan. 4, 2008 and 
provisional application 61/024,750, ?led Jan. 30, 2008, the 
disclosures of Which are incorporated by reference herein. 

TECHNICAL FIELD 

[0002] The present disclosure relates generally to reverse 
osmosis systems, and, more speci?cally, to batch-operated 
reverse osmosis systems. 

BACKGROUND 

[0003] The statements in this section merely provide back 
ground information related to the present disclosure and may 
not constitute prior art. 
[0004] Reverse osmosis systems are used to provide fresh 
Water from brackish or sea Water. A membrane is used that 
restricts the How of dissolved solids therethrough. 
[0005] A reverse osmosis system involves pressuriZing a 
solution With an applied pressure greater than an osmotic 
pressure created by the dissolve salts Within the solution. The 
osmotic pressure is generally proportional to the concentra 
tion level of the salt. The approximate osmotic pressure in 
pounds-per-square-inch is the ratio of the salt mass to Water 
mass times 14,000. A one-percent solution of salt Would have 
an osmotic pressure of about 140 psi. Ocean Water typically 
has a 3.5 percent concentration and an osmotic pressure of 
490 psi. 
[0006] Water extracted from a reverse osmosis system is 
called permeate. As a given body of saline solution is pro 
cessed by the reverse osmosis membrane, the concentration 
of the solution is increased. At some point, it is no longer 
practical to recover permeate from the solution. The rejected 
material is called brine or the reject. Typically, about 50% of 
recovery of permeate from the original volume of sea Water 
solution reaches the practical limit. 
[0007] Referring noW to FIG. 1, a reverse osmosis system 
10 is illustrated having a membrane array 12 that generates a 
permeate stream 14 and a brine stream 16 from a feed stream 
18. The feed stream 18 typically includes brackish or sea 
Water. A feed pump 20 coupled to a motor 22 pressuriZes the 
feed stream 18 to the required pressure How Which enters the 
membrane array 12. 
[0008] The permeate stream 14 is puri?ed ?uid ?oW at a 
loW pressure. The brine stream 16 is a higher pressure stream 
that contains dissolved materials blocked by the membrane. 
The pressure of the brine stream 16 is only slightly loWer than 
the feed stream 18. The membrane array 12 requires an exact 
?oW rate for optimal operation. A brine throttle valve 24 may 
be used to regulate the How through the membrane array 12. 
Changes take place due to Water temperature, salinity, as Well 
as membrane characteristics, such as foWling. The membrane 
array 12 may also be operated at off-design conditions on an 
emergency basis. The feed pumping system is required to 
meet variable How and pressure requirements. 
[0009] In general, a higher feed pressure increases perme 
ate production and, conversely, a reduced feed pressure 
reduces permeate production. The membrane array 12 is 
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required to maintain a speci?c recovery Which is the ratio of 
the permeate How to feed How. The feed ?oW or brine ?oW 
likeWise requires regulation. 
[0010] A pretreatment system 21 may also be provided to 
pre-treat the ?uid into the membrane array 12. The pretreat 
ment system 21 may be used to remove solid materials such as 
sand, grit and suspended materials. Each of the embodiments 
beloW including those in the detailed disclosure may include 
a pretreatment system 21. 
[0011] Referring noW to FIG. 2, a system similar to that in 
FIG. 1 is illustrated With the addition of a feed throttle valve 
30. Medium and large reverse osmosis plants typically 
include centrifugal-type pumps 20. The pumps have a rela 
tively loW cost and good e?iciency, but they may generate a 
?xed pressure differential at a given ?oW rate and speed of 
rotation. To change the pressure/?ow characteristic, the rate 
of pump rotation must be changed. One Way prior systems 
Were designed Was to siZe the feed pump 20 to generate the 
highest possible membrane pressure and then use the throttle 
valve 30 to reduce the excess pressure to meet the membrane 
pressure requirement. Such a system has a loW capital cost 
advantage but sacri?ces energy ef?ciency since the feed 
pump generates more pressure and uses more poWer than is 
required for a typical operation. 
[0012] Referring noW to FIG. 3, another system for solving 
the pressure/?ow characteristics is to add a variable fre 
quency drive 36 to operate the motor 22 Which, in turn, 
controls the operation of the feed pump 20. Thus, the feed 
pump 20 is operated at variable speed to match the membrane 
pressure requirement. The variable frequency drives 36 are 
expensive With large capacities and consume about three 
percent of the poWer that Would otherWise have gone to the 
pump motor. 

[0013] Referring noW to FIG. 4, a system similar to that 
illustrated in FIG. 1 is illustrated using the same reference 
numerals. In this embodiment, a hydraulic pressure booster 
40 having a pump portion 42 and a turbine portion 44 is used 
to recover energy from the brine stream 16. The pump portion 
42 and the turbine portion 44 are coupled together With a 
common shaft 46. High pressure from the brine stream passes 
through the turbine portion 44 Which causes the shaft 46 to 
rotate and drive the pump portion 42. The pump portion 42 
raises the feed pressure in the feed stream 18. This increases 
the energy ef?ciency of the system. The booster 40 generates 
a portion of the feed pressure requirement for the membrane 
array 12 and, thus, the feed pump 20 and motor 22 may be 
reduced in siZe since a reduced amount of pressure is required 
by them. 
[0014] Referring noW to FIG. 5, a membrane element 60 
that is suitable for positioning Within a membrane array 12 of 
one of the previous Figs. is illustrated. The element 60 
includes leaves of membrane material Wrapped into a spiral 
con?guration and placed in a thin tube 62 of material such as 
?berglass. Each membrane leaf includes tWo membrane 
sheets glued on three sides With the fourth side attached to a 
central permeate pipe 64. Spacer grids (not shoWn) keep the 
membrane sheet from collapsing under the applied pressure. 
Feed solution enters one end of the membrane array 60 in the 
direction indicated by arroWs 66. The solution or feed ?oWs 
axially along the membrane element 60 and betWeen the 
leaves 68 and exits through the high pressure brine outlet as 
indicated by arroWs 70. Permeate is collected from the leaves 
68 through permeate pipe 64. The pressure of the permeate 
through the tube 64 is essentially Zero since the applied pres 
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sure is used to overcome the osmotic pressure and frictional 
losses of the ?oW of feed material through the membrane is 
performed. 
[0015] Referring noW to FIG. 6, a pressure vessel 78 that 
includes a plurality of membrane elements referred to collec 
tively With reference numeral 60 is illustrated. In this 
example, three membrane elements are disposed Within the 
pressure vessel 78. Each is denoted by a numerical and alpha 
betical identi?er. In this example, three membrane elements 
60a, 60b and 600 are provided in the pressure vessel 78. The 
pressure vessel 78 includes a ?rst end cap 80 at the input end 
and a second end cap 82 at the outlet end. Feed is introduced 
into the pressure vessel in the direction of the arroWs 84. 
[0016] In this example, the three membrane elements 6011 
600 are placed in series. Each subsequent element extracts a 
smaller amount of permeate than the preceding element due 
to an increasing osmotic pressure and decreasing applied 
pressure caused by frictional losses Within the membrane 
elements. As a consequence, the ?nal element 600 may pro 
duce very little permeate. The permeate pipe 64 collects per 
meate from each of the membrane elements 6011-600. 
[0017] A typical reverse osmosis system operates at a con 
stant pressure that is developed at the feed pump 20. The 
result is that an excess of applied pressure at the ?rst mem 
brane array may result in an undesirably high rate of permeate 
extraction Which may alloW the membranes to be damaged. 
The ?nal membrane element 600 may have an undesirably 
loW rate of extraction Which may result in permeate With an 
excessive amount of salt contamination. 

SUMMARY 

[0018] The present disclosure provides a reverse osmosis 
system that reduces pumping energy but alloWs a suf?cient 
pressure to be generated at each of the membrane elements. 
[0019] In one aspect of the disclosure, a method of operat 
ing a reverse osmosis system includes ?lling a brine feed tank 
With loW pressure ?uid from a ?uid reservoir through an 
input, communicating brine feed tank ?uid to a pressure 
vessel during permeate production, pumping additional ?uid 
under high pressure from the ?uid reservoir into the pressure 
vessel using a high pressure pump, pumping brine ?uid from 
the pressure vessel to the brine feed tank during permeate 
production and raising a pressure in the pressure vessel using 
the high pressure pump until an amount of permeate is pro 
duced from a permeate output of the pressure vessel. 
[0020] In another aspect of the disclosure, a reverse osmo 
sis system includes a ?uid reservoir, a valve and a brine feed 
tank in ?uid communication With the ?uid reservoir through 
an input. The brine feed tank has brine feed ?uid therein. The 
system also includes a high pressure pump and a pressure 
vessel in ?uid communication With the ?uid reservoir through 
the high pressure pump. The pressure vessel comprises a 
permeate outlet. The brine feed tank is in ?uid communica 
tion With the pressure vessel. During a permeate production 
cycle, the high pressure pump pumps additional ?uid under 
high pressure from the ?uid reservoir into the pressure vessel 
using a high pressure pump, said pressure vessel communi 
cating brine ?uid into the brine feed tank. The high pressure 
pump raises a pressure in the pressure vessel until an amount 
of permeate is produced from a permeate output of the pres 
sure vessel. 

[0021] In a further aspect of the disclosure, a method of 
operating a reverse osmosis system includes ?lling a ?rst 
brine feed tank With loW pressure ?uid from a ?uid reservoir 
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through a ?rst input. The method includes performing a ?rst 
permeate production cycle by communicating ?rst brine feed 
tank ?uid to a pres sure vessel, pumping additional ?uid under 
high pressure from the ?uid reservoir into the input of the 
pressure vessel using a high pressure pump, pumping brine 
?uid from the pressure vessel to the ?rst brine feed tank, 
raising a pressure in the pressure vessel using the high pres 
sure pump until a ?rst amount of permeate is produced from 
a permeate output of the pressure vessel, ?lling a second brine 
feed tank With loW pressure ?uid from a ?uid reservoir 
through an input and terminating the ?rst permeate produc 
tion cycle. The method also includes performing a second 
permeate production cycle after the ?rst permeate production 
cycle by communicating second brine feed tank ?uid to the 
pressure vessel, pumping additional ?uid under high pres sure 
from ?uid reservoir into the input of the pressure vessel using 
the high pressure pump, pumping brine ?uid from the pres 
sure vessel to the second brine feed tank and raising a pres sure 
in the pressure vessel using the high pressure pump until a 
?rst amount of permeate is produced from a permeate output 
of the pressure vessel. 
[0022] In yet another aspect of the disclosure, a reverse 
osmosis system includes a ?uid reservoir, a ?rst input valve, 
a second input valve, a ?rst brine feed tank in ?uid commu 
nication With the ?uid reservoir through the ?rst input valve 
and a second brine feed tank in ?uid communication With the 
?uid reservoir through the second input valve. The ?rst brine 
feed tank and the second brine feed tank having brine feed 
?uid therein. The system further includes a high pres sure 
pump and a pressure vessel in ?uid communication With the 
?uid reservoir through the high pres sure pump. The pres sure 
vessel includes a permeate outlet. The ?rst brine feed tank and 
the second brine feed tank is in ?uid communication With the 
pressure vessel. During a ?rst permeate production cycle, the 
?rst brine tank provides brine ?uid to the pressure vessel and 
the high pressure pump pumps additional ?uid under high 
pressure from the ?uid reservoir into the pres sure vessel using 
a high pressure pump. The high pressure pump raises a pres 
sure in the pressure vessel until a ?rst amount of permeate is 
produced from a permeate output of the pressure vessel. Dur 
ing a second permeate production cycle, the second brine tank 
provides brine ?uid to the pressure vessel and the high pres 
sure pump pumps additional ?uid under high pressure from 
the ?uid reservoir into the pressure vessel using the high 
pressure pump. The high pressure pump raises a pressure in 
the pressure vessel until a second amount of permeate is 
produced from the permeate output of the pressure vessel. 
[0023] Further areas of applicability Will become apparent 
from the description provided herein. It should be understood 
that the description and speci?c examples are intended for 
purposes of illustration only and are not intended to limit the 
scope of the present disclosure. 

DRAWINGS 

[0024] The draWings described herein are for illustration 
purposes only and are not intended to limit the scope of the 
present disclosure in any Way. 
[0025] FIG. 1 is a schematic vieW of a prior reverse osmosis 
system. 
[0026] FIG. 2 is a schematic vieW of an alternate prior art 
reverse osmosis system. 

[0027] FIG. 3 is a schematic vieW of another prior art of a 
reverse osmosis system. 
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[0028] FIG. 4 is another schematic vieW of a prior art con 
?guration of a reverse osmosis system. 
[0029] FIG. 5 is a perspective vieW of a prior art membrane 
elements according to the prior art. 
[0030] FIG. 6 is a cross-sectional vieW ofa pressure vessel 
having a plurality of membrane elements such as those illus 
trated in FIG. 4 according to the prior art. 
[0031] FIG. 7 is a schematic vieW of a batch process reverse 
osmosis system. 
[0032] FIG. 8 is a cross-sectional vieW ofthe pressure ves 
sel of FIG. 6. 
[0033] FIG. 9 is a schematic vieW of a second embodiment 
of a batch process reverse osmosis system. 
[0034] FIG. 10 is a schematic vieW of a third embodiment 
of a batch process according to the present disclosure. 
[0035] FIG. 11 is a schematic vieW of a fourth embodiment 
of the reverse osmosis system. 
[0036] FIG. 12 is a schematic vieW of a ?fth embodiment of 
a dual brine tank system according to the present disclosure. 

DETAILED DESCRIPTION 

[0037] The folloWing description is merely exemplary in 
nature and is not intended to limit the present disclosure, 
application, or uses. For purposes of clarity, the same refer 
ence numbers Will be used in the draWings to identify similar 
elements. As used herein, the phrase at least one of A, B, and 
C should be construed to mean a logical (A or B or C), using 
a non-exclusive logical OR. It should be understood that steps 
Within a method may be executed in different order Without 
altering the principles of the present disclosure. 
[0038] In the folloWing disclosure, a batch process in Which 
applied pressure is varied as needed to maintain permeate 
production at a desired rate as the osmotic pressure increases 
is set forth. Various parameters and operating conditions may 
vary depending on various characteristics including the type 
of membrane. As mentioned above, operation of the system at 
a pressure that does not Waste energy by being too high or that 
is too loW for good quality permeate is desired. 
[0039] Referring noW to FIG. 7, a batch-operated reverse 
osmosis system is set forth having a pressure vessel 102. The 
pressure vessel has end caps 104 at the input end and an end 
cap 106 at the output end. The input end has a high-pressure 
input 108 and a loW-pressure input 110. The high-pressure 
input 108 and the loW-pressure input 110 may be formed from 
pipes. The pipes may enter through the end cap or in the 
sideWall of the pressure vessel 102. Ultimately, both the high 
pressure input 108 and the loW-pressure input 110 are in 
communication With a ?uid reservoir 114. The ?uid reservoir 
114 may be a sea-Water reservoir that is used to store ?ltered 
sea Water. A ?uid path from the reservoir 114 to the high 
pressure input 108 may include a high-pressure pump 116 
driven by a motor 118 and a valve 120 that alloWs the ?uid 
path to the high-pressure input 108 to be closed or open. One 
example of a suitable pump 116 is a positive displacement 
typa Pump 
[0040] A second ?uid path from the ?uid reservoir 114 may 
include a loW-pressure pump 124 that is driven by a motor 
126. The ?uid path may also include a valve 128. In the 
high-pressure ?uid path, the valve 120 may be located 
betWeen the pump 1 16 and the high-pressure input 1 08. In the 
loW-pressure ?uid path, the valve 128 may be located 
betWeen the pump 124 and the loW-pressure input 110. 
[0041] At the output end of the pressure vessel 102, a brine 
output 130 may be disposed in the end cap 106 or the outer 
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Wall of the pressure vessel 102. A brine drain valve 132 may 
be coupled adjacent to and Within the brine ?oW path. The 
output of the brine drain valve 132 is in ?uid communication 
With a drain 134. 

[0042] The output end of the pressure vessel 102 also 
includes a permeate output 140 that is used to remove perme 
ate created by the membrane 142 Within the pressure vessel 
102. Both the permeate output and the brine output may 
include pipes. 
[0043] The membrane 142 may be positioned Within the 
pressure vessel 102 proximate to the second end or the output 
end of the pressure vessel opposite the input end. As is illus 
trated, the membrane 142 is positioned near or proximate to 
the permeate output 140 and the brine output 130. 

[0044] In operation, the pressure vessel 102 is ?lled With 
?uid from the reservoir 114. In this embodiment, sea Water is 
used. The loW-pressure pump 124 is used to provide the sea 
Water from the reservoir 114 through control valve 128 Which 
is open. The high-pressure valve 120 is closed and the brine 
drain valve 132 is open to alloW air or brine from the previous 
cycle to escape from the pressure vessel 102. When the pres 
sure vessel 102 is ?lled With sea Water, the loW-pressure valve 
128 is closed. Operation of the high-pressure pump 116 is 
started and the high-pressure valve 120 is opened. Also, the 
brine drain valve 132 is closed. The pressure Within the pres 
sure vessel 102 rapidly increases until the pressure exceeds 
the osmotic pressure Which causes the membrane 142 to 
produce permeate Which exits through the permeate output 
140 of the pressure vessel 102. 

[0045] The feed pump 116 continues to pump more sea 
Water from the ?uid reservoir 114 through the high-pressure 
valve 120 and into the pressure vessel 102 through the high 
pressure ?uid input 108. The continual addition of sea Water 
and pres sure makes up for the permeate removed through the 
permeate output 140 and to overcome the increasing osmotic 
pressure due to the increasing concentration of the brine 
Within the pressure vessel 102. 

[0046] One example of suitable pressures includes an ini 
tial pressure to produce permeate of about 500 psi during the 
permeate production cycle. As the permeate production 
increases, the pressure is increased to maintain the permeate 
production. If a ?fty-percent total recovery is desired, the 
?nal pressure may be about 1000 psi. Thus, the average pres 
sure is about 750 psi. Prior knoWn systems that use conven 
tional ?oW RO processing require a constant 1000 psi. Thus, 
the feed pump pressure requirement has been reduced by 
25%. 

[0047] Referring noW to FIG. 8, a cross-sectional vieW of a 
pressure vessel 102 is illustrated in further detail. The mem 
brane 142 is located at the opposite end of the elongated 
pressure vessel from the high-pressure input 108 and the 
loW-pressure input 110. The membrane 142 includes a ?rst 
membrane face 144 and a second membrane face. A volume 
146 betWeen the end cap 104 and the ?rst membrane face 144 
may be at least equal to the volume of the membrane 102 so 
that a reasonable amount of feed Water or sea Water can be 

processed in one batch cycle. The membrane 144 is disposed 
Within a tube 148. The second face 145 is disposed toWard the 
output end of the pressure vessel 102. One end of the tube 148 
is positioned proximate to the output end of the pressure 
vessel. The tube 148 extends past the second face 145 of the 
membrane 142. 
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[0048] The permeate output 140 extends out of the sidewall 
of the pressure vessel 102. The permeate output 140 receives 
permeate through the membrane 144. 
[0049] A motor 150 is used to drive an impeller 152 that is 
disposed Within, near or proximate the tube 148 adjacent to or 
proximate the second face 145 of the membrane 142. Of 
course, different positions of the impeller 152 outside of the 
tube 148 are possible. A high pressure seal 154 is used to seal 
a shaft 156 extending betWeen the motor 150 and the impeller 
152. Of course, a magnetic drive may be used betWeen the 
motor 150 and the impeller 152 so that the seal may be 
eliminated. 

[0050] The motor 150 drives the impeller 152 to circulate 
brine ?uid from the membrane 142 betWeen an annular pas 
sage 160 betWeen the tube 148 and the outer Wall of the 
pressure vessel 102. The direction of ?oW of the brine ?uid 
pushed by the impeller 152 is from the second end of the 
pressure vessel or output end of the pressure vessel 102 
toWard the ?rst end or input end of the pres sure vessel 14, as 
indicated by the arroWs 162. The brine ?uid enters the tube 14 
through a distributor plate 170. A distributor plate is used to 
distribute the brine evenly across the face of the ?oW tube 148 
and alloW the ?oW to have a minimum turbulence. A ?oW 
diffuser 172 diffuses the high-pressure input ?uid from the 
high-pressure input 108 evenly across the face of the ?oW 
distributor plate 170. 
[0051] Choosing the proper circulation rate of brine from 
the impeller 152 through the annual passage and back into the 
tube 148 is important for the operation of the system. If the 
rate is too loW, the axial velocity along the membrane 142 
may be insu?icient to prevent excessive concentration of salt 
along the membrane surface resulting in excessive polariZa 
tion Which adversely affects the permeate quality, membrane 
productivity and fouling resistance. By controlling the speed 
of the motor 150, a rate of brine circulation is controlled to 
permit ?ne tuning of the circulation rate. Rates used depend 
on various design considerations of the system. 

[0052] A strati?cation of concentration in the ?oW tube 148 
is desired. A Water column Within the ?oW tube 148 Will 
develop a concentration gradient With the loWest concentra 
tion at the membrane face 144 and increase toWard the dis 
tributor plate 170. The average concentration increases With 
time but the loWest concentration is present at the face of the 
membrane closest to the input. The distributor plate 170 and 
the ?oW diffuser 172 reduce mixing betWeen neWer, more 
concentrated brine and less concentrated older brine. 

[0053] The ?oW of older, more concentrated brine products 
by the membrane is indicated by arroWs 174 and the neW sea 
Water ?oW direction is indicated by arroW 176. 

[0054] Referring noW to FIG. 9, a reverse osmosis system 
200 having many similar components to those described 
above in FIGS. 7 and 8 is illustrated. Similar components Will 
thus be given the same reference numeral and not described 
further. FIG. 9 includes a pressure vessel 102 that may be 
con?gured in a similar manner to that described above in FIG. 
8. Thus, the internal structure and the motor 150 are thus not 
illustrated. In this embodiment, the ?uid from the reservoir 
114 may ?oW into a charge reservoir 210. The charge reser 
voir 210 may be located above (relative to the earth) the 
pressure vessel 102. In one constructed embodiment, the 
charge reservoir 210 is located directly vertically above the 
pressure vessel 102. This alloWs the use of gravity to ?ll the 
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pressure vessel 102 from the charge reservoir 210. A valve 
212 disposed betWeen the charge reservoir 210 and the pres 
sure vessel 102 is provided. 

[0055] A high pressure is developed at the high-pressure 
pump 116 Which is driven by motor 118. In this embodiment, 
a loW pressure pump is eliminated since loW pressure ?lling of 
the pressure vessel 102 is provided through the valve 212 due 
to gravity. After ?lling of the pressure vessel 102 at loW 
pressure, high-pressure ?uid from the charge reservoir 210 is 
created at the pump 116 and provided to the ?uid input 214. 
The valve 212 is closed after ?lling and the high-pressure 
?uid is provided through the input 214. A diverter valve 216 
is opened to alloW hi gh-pres sure ?uid to ?oW into the pres sure 
vessel 102. The diverter valve 216 is also in ?uid communi 
cation With the charge reservoir 210 When opened. A buffer 
pipe 220 that has a large diameter for a short length acts as a 
reservoir of feed Water for the pressure relief process as Will 
be describedbeloW. The large diameter bufferpipe 220 alloWs 
?uid to ?oW back toWard the diverter valve 216 into the charge 
reservoir 210 as Will be further described beloW. 

[0056] After a ?nal concentration of solution is achieved in 
the pressure vessel 102, the pump 116 may be turned off to 
prevent high-pressure ?uid from continuing to ?oW into the 
pressure vessel 102. In the alternative, the diverter valve 216 
may open and alloW the high-pressure ?uid to return back to 
the charge reservoir 210. 
[0057] Because Water is slightly compressible, pressure 
may be vented prior to starting the charge cycle. Pipe 222 
provides a ?oW path to alloW high pressure in the pressure 
vessel 102 to be vented through the diverter valve 216 toWard 
the charge reservoir 210. The amount of ?uid to be bled back 
to the charge reservoir 210 is preferably small since it is 
highly concentrated brine. The buffer pipe 220 acts as a 
reservoir for the pressure relief process. Therefore, little or no 
concentrated brine ?uid may actually enter the charge reser 
voir 210. After the pressure has been relieved from the pres 
sure vessel 102, the valve 212 and brine valve drain valve 132 
may be opened. Concentrated brine is thus alloWed to drain 
out of the pressure vessel 102. Sea Water under loW pressure 
is thus used to ?ll the pressure vessel by gravity. A ?oW 
distributor plate 170 illustrated in FIG. 8 may be used to 
ensure the Water pushes the brine out With a minimum of 
mixing. A concentration meter or timer 230 may alloW a 
determination of Whether pure sea Water is ?owing through 
the brine drain pipe 130. A ?oW meter 232 may be used to 
measure the amount of ?uid discharged through the pipe, 
since a knoWn amount of ?uid is Within the pressure vessel 
102. 

[0058] A small reservoir 240 is positioned on the permeate 
pipe 140. The volume of the small reservoir is substantially 
less than the volume of the pressure vessel 102.After ?lling of 
the pressure vessel 102, valves 212 and 132 are closed and the 
diverter valve 216 diverts high-pressure ?uid into the pres sure 
vessel 102 to initiate another permeate production cycle. The 
small reservoir 240 alloWs for storage of a small amount of 
permeate to prevent permeate ?oW reversal. During a time 
period betWeen the depressuriZation of the pressure vessel 
102 and ending With the repressuriZation, osmotic pressure 
may draW permeate into the membrane 100 illustrated in 
FIGS. 7 and 8. By providing the small reservoir, enough 
permeate may be provided to accommodate the brief perme 
ate ?oW reversal. The siZe relative to the pressure vessel may 
be easily determined experimentally. 
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[0059] Referring noW to FIG. 10, an embodiment of a 
reverse osmosis system 300 similar to that illustrated above in 
FIG. 9 is illustrated and thus Will have the same reference 
numerals. A positive displacement pump, as illustrated in 
FIG. 9, may not have enough capacity for a large reverse 
osmosis process. Thus, the positive displacement pump 116 
of FIG. 9 may be replaced With a centrifugal pump 310. The 
centrifugal pump 310 may be driven by a motor 312 Which in 
turn is controlled by a variable frequency drive 314. The 
variable frequency drive 314 may change the pump speed 
gradually to increase the pressure as needed to achieve the 
desired permeate production based on the ?oW rate signal 
from a ?oW meter 320 Within the permeate output 140. Thus, 
the ?oW meter 132 provides a signal corresponding to the ?oW 
or amount of permeate Within the permeate pipe 140. 
[0060] This embodiment includes a check valve 324 that 
replaces valve 212 of FIG. 9. The check valve 324 opens When 
a loWer pressure is provided at the input 214 to the pressure 
vessel 102. That is, When the pressure vessel 102 is at a loWer 
pressure than the charge reservoir 210, the check valve 324 
opens. When the input 214 is pressurized by ?uid at high 
pressure from the pump 310, the check valve 324 is closed. 
[0061] The permeate production cycle thus alloWs loW 
pressure ?uid to ?ll the pressure vessel 102 When the pressure 
vessel is at a loW pressure due to the opening of the valve 132. 
High pressure is generated With the pump 310 and permeate 
is produced as described above. 
[0062] The recharge cycle is initiated by a signal from the 
?oW meter 320 that indicates that a desired amount of perme 
ate has been produced and the permeate production cycle may 
be terminated. The speed of the pump 310 is reduced to Zero, 
Which alloWs the check valve 324 to open since the charge 
reservoir 210 is at a higher pressure. Gravity may be used to 
provide loW-pressure sea Water into the pressure vessel until 
the brine has been fully ?ushed as described above using the 
timer or concentration meter 230 and/or the ?oW meter 232. 
When the pressure vessel has been ?ushed, the valve 132 is 
closed and the variable frequency drive 314 causes the pump 
310 to increase speed to raise the pressure in the input pipe 
214 Which alloWs the check valve 324 to close. The speed of 
the pump and pressure generated thereby continue to increase 
and thus the permeate production cycle again is completed. 
[0063] Referring noW to FIG. 11, a high capacity reverse 
batch-operated reverse osmosis system 400 is set forth. In this 
embodiment, elements similar to those in FIG. 10 are pro 
vided With the same reference numerals. In this embodiment, 
a plurality of membrane elements 412 may be disposed 
Within an enlarged pressure vessel 410. In this embodiment, 
the membrane elements 412 may be disposed tightly Within 
the pressure vessel 410 and against the outer Wall of the 
pressure vessel 410. The pressure vessel 410 may include 
multiple membrane elements. As illustrated, this embodi 
ment includes four sub-chambers 414a, 414b, 4140 and 414d 
as shoWn. A partitions 416 may be used to divide the pressure 
vessel into the sub-chambers 414. Within each sub-chamber, 
an inlet space 418 and an outlet space 420 may be provided. 
The inlet spaces 418 coupled to an inlet manifold 430. The 
outlet spaces 420 are coupled to an outlet manifold 432. The 
inlet manifold 430 is ?uidically coupled to the pump 310. 
[0064] A brine tank 440 having a top portion 442 and a 
bottom portion 444 may be ?uidically coupled betWeen the 
input manifold 430 and the outlet manifold 432. The top 
portion 442 and the bottom portion 444 are determined rela 
tive to the earth. The brine tank 440 may include an upper ?oW 
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distribution plate 446 near top portion 442 and a loWer ?oW 
distribution plate 448 near bottom portion 444. The upper 
?oW distribution plate 446 and the loWer ?oW distribution 
plate 448 act in a similar manner to ?oW distribution plate 170 
of FIG. 8 to reduce turbulence and mixing. A brine feed pipe 
450 extends from the top portion 442 of the brine tank 440. 
Preferably, the brine feed pipe 450 is positioned betWeen the 
top of the tank and the ?oW distribution plate 446. Brine ?uid 
from the brine tank 440 is ?uidically coupled to the input 
manifold 430 through the brine pipe 450. 
[0065] A brine input pipe 452 that is ?uidically coupled to 
the outlet manifold 432 and brine tank 440 receives brine 
from the outlet manifold 432. The brine inlet pipe 452 may be 
positioned betWeen the bottom 444 of the brine tank 440 and 
the ?oW distribution plate 448. A booster pump 460 driven by 
motor 462 may be used to pump the concentrated brine ?uid 
from the outlet manifold 432 into the brine tank 440. The 
booster pump 460 maintains a continuous loop of concen 
trated brine from the outlet manifold 432 through the brine 
tank inlet pipe 452 through brine tank 440 and through the 
brine ?uid feed pipe 450 into the inlet manifold 430. 
[0066] The high-pressure pump 310 pressuriZes ?uid from 
the ?uid reservoir 114 to the desired pressure to produce a 
desired amount of permeate that exists the pressure vessel 
410. The ?oW signal from the ?oW meter 320 provides feed 
back to the variable frequency device 314 Which in turn 
adjusts the speed of the motor 312 driving the pump 310. The 
amount of permeate production is adjusted by controlling the 
motor 312 as measured by the ?oW signal. 
[0067] The ?oW distribution plates 446 and 448 alloW non 
turbulent entry of ?oW into and out of the brine tank 440 to 
maintain a favorable concentration gradient in the brine tank 
440. Relatively dense brine is positioned at the bottom of a 
tank and lighter, less concentrated brine is positioned at the 
top of the tank 440. The ?oW distribution plates 446, 448 
prevent or reduce mixing so that strati?ed brine concentra 
tions are formed With the brine tank 440. 
[0068] In operation, the brine tank 440 is ?lled With salt 
Water at the beginning of the charge cycle. The brine tank 440 
is opened by opening check valve 324 and valve 132. Upon 
?lling, the check valve 324 is closed and the feed pump 310 
begins to circulate ?uid to each of the membrane chambers 
414a-3. Permeate is formed through the permeate outlet 140. 
Brine is collected in the outlet manifold 432 Where it is 
re-circulated using pump 460 into the loWer or bottom end of 
the brine tank 444. The dense brine 444 pushes the salt Water 
Which is less dense up through the outlet pipe 450 to the inlet 
manifold 430. The process continues until an amount of per 
meate or a particular concentration of brine is achieved. The 
system may also include a small reservoir 240 that acts in a 
similar manner to that described above in FIG. 10. 

[0069] During the recharge cycle, the pumps 310 and 460 
are stopped Which loWers the pressure in the system. Valve 
132 opens and the pressure in brine tank 440 is reduced. This 
causes the pressure to be reduced in the brine tank 440. The 
check valve 324 opens and fresh seaWater enters the brine 
tank 440. The check valve 324 and valve 132 are closed at the 
start of the next permeate production cycle. 
[0070] Referring noW to FIG. 12, an embodiment of a 
reverse osmosis system 500 using tWo brine tanks 440a and 
44019 is illustrated. Common elements from the embodiment 
of FIG. 11 are given the same reference numerals. In the 
embodiment of FIG. 11, the system is doWn for recharging of 
the brine tank 440. In the embodiment in FIG. 12, the perme 
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ate ?oW is not required to be interrupted While Waiting for a 
brine tank to be recharged With neW feed. In this embodiment, 
the pressure vessel 430 is supplied With high-pressure feed 
from the brine tank 44011 through the inlet manifold 430 and 
a three-Way valve 500. The three-Way valve 500 is positioned 
betWeen the top of the brine tanks 440a and 44019. Re-circu 
lated brine exits through the outlet manifold 432 through 
pump 460 and back into either one of the brine tanks 44011 or 
44019 through a second three-Way valve 510. The high-pres 
sure pump 310 provides high pressure ?uid from the feed 
reservoir 114 into the inlet manifold 430 as in the previous 
embodiment of FIG. 11. The three-Way valves alloW the ?rst 
brine tank 44011 or the second brine tank 440!) to be used 
during batch processing. When one tank is off-line, the other 
tank is on-line. Each system operates in a similar manner to 
that described above in FIG. 11. At the end of a batch (per 
meate production cycle), the valve 132!) associated With the 
brine tank 440!) may be already in the closed position and 
check valve 324!) prevents ?oW back toWard the reservoir 
114. An equalization valve 520 that is ?uidically coupled 
betWeen the tanks 440a and 44019 is sloWly opened to bring 
the brine tanks 440a and 44019 to the same pressure. The 
three-Way valves 500 and 510 are operated to change the ?oW 
direction so that the brine recirculation loop is through the 
second brine tank 44019. The equalization valve 520 is closed 
thereafter. The process then continues using the second brine 
tank 440!) in the loop. 
[0071] After the loop is started using the brine from the 
second brine tank 400b, equalization valve 202 is closed. The 
drain valve 132a under the ?rst tank is open and permits brine 
to pass through to the drain 134. Gravity alloWs feed from the 
reservoir 114 to ?oW into the brine tank 440a. Once the tank 
440!) reaches maximum salinity or the desired amount of 
permeate is produced from a tank, the process is sWitched to 
provide brine from the tank 440a. 
[0072] The system then continually repeats. By using a 
centrifugal pump 310, the pump is alWays discharging at high 
pressure alternatively into one of the brine tanks. The mem 
brane array is continuously pressurized Which eliminates sig 
ni?cant mechanical movement and stress during pressuriza 
tion and depressurization required in FIG. 11. A number of 
independent arrays, each equipped With its oWn brine circu 
lating pump 460, may be operated in a continuous mode using 
one or more high-pressure batch tanks than the number of 
independent arrays. The valves may thus be provided in a 
similar arrangement. It should also be noted that the three 
Way valves and the pressure equalization valve may be pro 
vided in a single unit. 

[0073] Those skilled in the art can noW appreciate from the 
foregoing description that the broad teachings of the disclo 
sure can be implemented in a variety of forms. Therefore, 
While this disclosure includes particular examples, the true 
scope of the disclosure should not be so limited since other 
modi?cations Will become apparent to the skilled practitioner 
upon a study of the draWings, the speci?cation and the fol 
loWing claims. 

What is claimed is: 
1. A method comprising: 
?lling a brine feed tank With loW pressure ?uid from a ?uid 

reservoir through an input; 
communicating brine feed tank ?uid to a pressure vessel 

during permeate production; 
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pumping additional ?uid under high pressure from the ?uid 
reservoir into the pressure vessel using a high pressure 
Pump; 

pumping brine ?uid from the pressure vessel to the brine 
feed tank during permeate production; and 

raising a pressure in the pressure vessel using the high 
pressure pump until an amount of permeate is produced 
from a permeate output of the pressure vessel. 

2. A method as recited in claim 1 Wherein ?lling a brine 
feed tank comprises ?lling a brine feed tank using gravity 
through a check valve. 

3. A method as recited in claim 1 Wherein communicating 
brine tank ?uid to a pressure vessel comprises communicat 
ing brine tank ?uid to the pressure vessel through an input 
manifold. 

4. A method as recited in claim 1 Wherein communicating 
brine tank ?uid to a pressure vessel comprises communicat 
ing brine tank ?uid to a plurality of sub-chambers of the 
pressure vessel through an input manifold, Wherein each sub 
chamber having a membrane therein. 

5. A method as recited in claim 1 further comprising after 
the step of raising, performing a recharge cycle. 

6. A method as recited in claim 5 Wherein performing a 
recharge cycle comprises terminating high pressure ?oW into 
the pressure vessel. 

7. A method as recited in claim 5 further comprising gen 
erating a permeate ?oW signal corresponding to a permeate 
amount produced from the permeate output and Wherein per 
forming a recharge cycle comprises terminating high pres 
sure ?oW into the pressure vessel in response to the ?oW 
signal. 

8. A method as recited in claim 5 Wherein performing a 
recharge cycle comprises performing a recharge cycle until a 
concentration of a drain ?uid is reduced to an amount in the 
?uid reservoir. 

9. A method as recited in claim 1 further comprising pump 
ing brine ?uid from the pressure vessel to the brine feed tank 
comprises pumping brine ?uid from the pressure vessel to a 
bottom of the brine feed tank and Wherein communicating 
brine tank ?uid to a pressure vessel comprises communicat 
ing brine tank ?uid to a pressure vessel from a top of the brine 
feed tank. 

10. A method as recited in claim 9 Wherein pumping brine 
?uid from the pressure vessel comprises pumping brine ?uid 
from an outlet manifold to the brine feed take through a 
booster pump. 

11. A method as recited in claim 1 further comprising 
stratifying brine ?uid in the brine feed tank during permeate 
production. 

12. A method as recited in claim 1 further comprising 
determining the amount of permeate in response to a ?oW 
meter signal of a ?oW meter in communication With a perme 
ate output of the pressure vessel. 

13. A reverse osmosis system comprising: 
a ?uid reservoir; 
a valve; 
a brine feed tank in ?uid communication With the ?uid 

reservoir through an input, said brine feed tank having 
brine feed ?uid therein; 

a high pressure pump; 
a pressure vessel in ?uid communication With the ?uid 

reservoir through the high pressure pump, said pressure 
vessel comprising a permeate outlet; 
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said brine feed tank in ?uid communication With the pres 
sure vessel; 

during a permeate production cycle, said high pressure 
pump pumping additional ?uid under high pres sure 
from the ?uid reservoir into the pressure vessel using a 
high pressure pump, said pressure vessel communicat 
ing brine ?uid into the brine feed tank; 

said high pressure pump raising a pressure in the pressure 
vessel until an amount of permeate is produced from a 
permeate output of the pressure vessel. 

14. A system as recited in claim 13 further comprising a 
booster pump pumping brine ?uid from the pressure vessel to 
the brine feed tank during the permeate production cycle. 

15. A system as recited in claim 13 Wherein the pressure 
vessel comprises a plurality of sub-chambers in communica 
tion With an inlet manifold and an outlet manifold, said plu 
rality of sub-chambers each comprises a membrane therein. 

16. A system as recited in claim 13 Wherein the valve 
comprises a check valve. 

17. A system as recited in claim 13 further comprising a 
drain valve in ?uid communication With a bottom of the brine 
feed tank that opens during a recharge cycle. 

18. A system as recited in claim 13 Wherein the brine feed 
tank comprises a top and a bottom, said top in ?uid commu 
nication With an inlet to the pres sure vessel and said bottom in 
?uid communication With an outlet of the pressure vessel. 

19. A system as recited in claim 13 Wherein said brine feed 
tank comprises an upper ?oW distribution plate and a loWer 
?oW distribution plate, said brine feed tank in ?uid commu 
nication With an inlet to the pressure vessel above the upper 
?oW distribution plate, said outlet of the pressure vessel in 
?uid communication With the brine feed tank beloW the loWer 
?oW distribution plate. 

20. A system as recited in claim 13 further comprising a 
?oW meter in communication With the permeate outlet gen 
erating a ?oW meter signal, Wherein the high pressure pump 
comprises a centrifugal pump controlled in response to the 
?oW meter signal. 

21. A method of operating a reverse osmosis system com 
prising: 

?lling a ?rst brine feed tank With loW pressure ?uid from a 
?uid reservoir through a ?rst input; 

performing a ?rst permeate production cycle by: 
communicating ?rst brine feed tank ?uid to a pressure 

vessel; 
pumping additional ?uid under high pressure from the 

?uid reservoir into the input of the pressure vessel 
using a high pressure pump; 

pumping brine ?uid from the pressure vessel to the ?rst 
brine feed tank; 

raising a pressure in the pressure vessel using the high 
pressure pump until a ?rst amount of permeate is 
produced from a permeate output of the pressure ves 
sel; 

?lling a second brine feed tank With loW pressure ?uid 
from a ?uid reservoir through an input; and 

terminating the ?rst permeate production cycle; 
performing a second permeate production cycle after the 

?rst permeate production cycle by: 
communicating second brine feed tank ?uid to the pres 

sure vessel; 
pumping additional ?uid under high pressure from ?uid 

reservoir into the input of the pressure vessel using the 
high pressure pump; 
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pumping brine ?uid from the pressure vessel to the sec 
ond brine feed tank; and 

raising a pressure in the pressure vessel using the high 
pressure pump until a ?rst amount of permeate is 
produced from a permeate output of the pressure ves 
sel. 

22. A method as recited in claim 21 further comprising 
performing a ?rst recharge cycle during the step of perform 
ing a second permeate production cycle. 

23. A method as recited in claim 21 Wherein performing a 
?rst recharge cycle comprises performing a ?rst recharge 
cycle by opening a drain valve in the ?rst brine feed tank; and 

displacing ?uid in the brine feed tank With ?uid reservoir 
?uid through a ?rst check valve. 

24.A method as recited in claim 21 Wherein ?lling a second 
brine feed tank comprises ?lling the second brine feed tank, 
during performing a ?rst permeate production cycle. 

25. A method as recited in claim 21 further comprising 
equalizing a ?rst brine feed tank pressure With a second brine 
feed tank pressure using an equalization valve. 

26. A method as recited in claim 21 Wherein equalizing is 
performed after the ?rst permeate production cycle. 

27. A reverse osmosis system comprising: 

a ?uid reservoir; 
a ?rst input valve; 
a second input valve; 
a ?rst brine feed tank in ?uid communication With the ?uid 

reservoir through the ?rst input valve; 
a second brine feed tank in ?uid communication With the 

?uid reservoir through the second input valve; 
said ?rst brine feed tank and said second brine feed tank 

having brine feed ?uid therein; 
a high pressure pump; 
a pressure vessel in ?uid communication With the ?uid 

reservoir through the high pressure pump, said pressure 
vessel comprising a permeate outlet; 

said ?rst brine feed tank and said second brine feed tank in 
?uid communication With the pressure vessel; 

during a ?rst permeate production cycle, said ?rst brine 
tank providing brine ?uid to the pressure vessel and said 
high pres sure pump pumping additional ?uid under high 
pressure from the ?uid reservoir into the pressure vessel 
using a high pressure pump; 

said high pressure pump raising a pressure in the pressure 
vessel until a ?rst amount of permeate is produced from 
a permeate output of the pressure vessel; 

during a second permeate production cycle, said second 
brine tank providing brine ?uid to the pressure vessel 
and said high pressure pump pumping additional ?uid 
under high pres sure from the ?uid reservoir into the 
pressure vessel using a high pressure pump; 

said high pressure pump raising a pressure in the pressure 
vessel until a second amount of permeate is produced 
from the permeate output of the pressure vessel. 

28. A system as recited in claim 27 further comprising an 
equalization valve selectively equalizing pressure in the ?rst 
brine feed tank and the second brine feed tank. 

29. A system as recited in claim 27 further comprising a 
?rst three-Way valve in communication With the ?rst brine 
feed tank, the second brine feed tank and a pressure vessel 
inlet. 
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30. A system as recited in claim 29 further comprising a 
second three-Way Valve in communication With the ?rst brine 
feed tank, the second brine feed tank and a pressure Vessel 
outlet. 

31. A system as recited in claim 30 further comprising a 
booster pump pumping brine ?uid from the pressure Vessel to 
the second three Way Valve. 

32. A system as recited in claim 30 Wherein the ?rst brine 
feed tank comprises a top and a bottom, said top in ?uid 
communication With an inlet to the pressure Vessel through 
the ?rst three-Way Valve and said bottom in ?uid communi 
cation With an outlet of the pressure Vessel through the second 
three-Way Valve. 

33. A system as recited in claim 30 Wherein said ?rst brine 
feed tank comprises an upper ?oW distribution plate and a 
loWer ?oW distribution plate, said ?rst brine feed tank in ?uid 
communication With the ?rst check Valve above the upper 
?oW distribution plate, said outlet of the pressure Vessel in 
?uid communication With the ?rst brine feed tank beloW the 
loWer ?oW distribution plate through the second three-Way 
Valve. 

34. A system as recited in claim 27 Wherein the pressure 
Vessel comprises a plurality of sub-chambers in communica 
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tion With an inlet manifold and an outlet manifold, each of the 
plurality of sub-chambers has a membrane therein. 

35. A system as recited in claim 27 Wherein the ?rst input 
Valve comprises a ?rst check Valve and the second input Valve 
comprises a second check Valve. 

36. A system as recited in claim 27 further comprising a 
?rst drain Valve in ?uid communication With a bottom of the 
?rst brine feed tank that opens during a recharge cycle. 

37. A system as recited in claim 27 Wherein said ?rst brine 
feed tank comprises an upper ?oW distribution plate and a 
loWer ?oW distribution plate, said ?rst brine feed tank in ?uid 
communication With an inlet to the pressure Vessel above the 
upper ?oW distribution plate, said outlet of the pres sure Vessel 
in ?uid communication With the brine feed tank beloW the 
loWer ?oW distribution plate. 

38. A system as recited in claim 27 further comprising a 
?oW meter in communication With the permeate outlet gen 
erating a ?oW meter signal, Wherein the high pressure pump 
comprises a centrifugal pump controlled in response to the 
?oW meter signal. 


